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Description 

This invention relates to integrally moulded articles of polypropylene resin and silicone rubber, useful in the areas 
of electric equipment, electronic equipment, automobiles, precision machines and the like, and to methods tor prepar- 
ing the same. 

A number of methods have been proposed for providing a bond between addition curing type silicone rubber and 
organic resins. It is known, for example, to form a bond by applying a primer to a surface of moulded resin, applying 
uncured silicone rubber material thereto and curing the silicone rubber to the resin, or by curing a self-adhesive silicone 
rubber composition directly onto moulded resin. For self-adhesive silicone rubber compositions, a number of proposals 
have been made for their tackifter component. 

As another approach, it is known from EP-A-143994 to add an organohydrogenpolysiloxane containing at least 30 
mol% of hydrogen atoms directly attached to silicon atoms to an organic resin so that the resin is bondable with addition 
curing type silicone rubber. The resin may be polypropylene. It is also suggested to add unsaturated resin to the organic 
resin to improve bonding. JP-B 45292/1988 discloses integration by physically fitting silicone rubber within moulded 
organic resin. In JP-A-193843/1988, a compound having an aliphatic unsaturated group and a hydrolysable group 
attached to a silicon atom is grafted to an olefin resin and silicone rubber is bonded and integrated with the grafted olefin 
resin. Furthermore, as we previously proposed in EP-A-540259, a thermoplastic resin can be bonded and integrated to 
a silicone rubber composition when a compound having an unsaturated group and a hydrogen atom directly attached 
to a silicon atom is added to the resin. 

However, several problems arise with these prior art methods for integrating silicone rubber and organic resin into 
a one-piece article. The primer method is cumbersome in that the initially-moulded resin shape must be taken out of 
the mould before the primer can be applied thereto. 

Where a self-adhesive addition curing type silicone rubber material is applied and cured to a resin preform, the 
resulting bond strength is insufficient for use as a one-piece member if the resin is a polypropylene resin. 

Where organohydrogenpolysiloxane is added to olefin resin, the properties of the resin itself can be altered thereby, 
preventing the resin from exerting its own properties. The physical engagement method leaves the possibility that the 
two segments may be disengaged by physical forces. The known use of an olefin resin having grafted thereto a com- 
pound having an aliphatic unsaturated group and a hydrolysable group attached to a silicon atom cannot obviate the 
use of primer when joining to addition curing type silicone rubber. 

Silicone rubber has found a spreading use in the fields of electric and electronic equipment and automobiles 
because It is recognized as highly reliable in heat resistance, weatherability and electrical properties. There Is a corre- 
sponding demand for Integral mouldings in which thermosetting resin, especially polypropylene resin, and silicone rub- 
ber are firmly united or bonded together. 

An object of the present Invention is to provide a polypropylene resin/silicone rubber integrally moulded article 
wherein the polypropylene resin and the silicone rubber are joined at a practically acceptable bond strength. Another 
object is to provide a method for preparing such a polypropylene resin/silicone rubber integrally moulded article in a 
simple reliable manner within a short time, typically by an injection moulding technique. 

We have found that an integrally moulded article in which silicone rubber and polypropylene resin are joined at a 
practically acceptable bond strength using a specilic modified polypropylene and addition-curing silicone. 

Specifically, a first aspect of the invention is a polypropylene/silicone rubber integrally moulded article in which 

(a) a polypropylene component made of polypropylene resin selected from 

(i) random copolymers of propylene with non-conjugated diene of the formula 

R x -C = C-(CH 2 ) n -C = CH 2 
R 2 R 3 R 4 

where groups R 1 to R 4 are selected independently from H and C,. 6 alkyl, and n is an integer in the range 
from 1 to 20, and (ii) graft copolymers of polypropylene graft-polymerised with non-conjugated diene of the for- 
mula 
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R i_C = C-{CH s ) m -C = CH 2 
R 2 R 3 R 4 

where groups R 1 to R 4 are selected independently from H and alkyl, and m is an integer in the range from 
1 to 20; 

or of a resin composition containing such a polypropylene resin, is integrally joined to 
(b) an addition-type silicone rubber obtainable from a composition comprising 

(i) alkenyl group-containing organopolysiloxane; 

(ii) organohydrogenpolysiloxane having per molecule at least two hydrogen atoms directly attached to silicon 
atom, and 

(iii) addition reaction catalyst. 

A second aspect is a method of making such an article in which the polypropylene component is moulded to a pre- 
form, the addition-curable silicone rubber composition is contacted with a surface of the preform and cured at a temper- 
ature below the polypropylene component's softening temperature. 

Stronger bonding is established when the silicone rubber composition contains a tackifier component selected from 
( I) compounds containing in a molecule at least one hydrogen atom directly attached to a silicon atom and at least one 
of an alkoxysilyl group, glycidyl group and acid anhydride group, and ( I ) compounds containing in a molecule at least 
one hydrogen atom directly attached to a silicon atom and a divalent linkage -{CR 1 R 2 ) n - wherein each of R 1 and R 2 is 
a hydrogen atom or a substituted or unsubstituted monovalent hydrocarbon group having 1 to 10 carbon atoms and n 
is an integer of from 2 to 30. Particularly when the silicone rubber composition contains compound ( n ), it may be 
moulded over the polypropylene resin by an injection moulding technique and cured thereto within a short time to pro- 
vide a firm bond. At the same time, the silicone rubber Itself Is releasable from the mould in a practically acceptable 
manner. 

Preferably both the moulding and contacting steps of the method are done by Injection moulding. 
BRIEF DESCRI PTION OF THE DRAWINGS 

FIGS. 1 A and 1 B are side and plan views of an adhesion test piece; 

FIG. 2 is a schematic cross-sectional view of an injection moulding machine used in preparing a moulded article; 
FIG. 3 is a schematic cross-sectional view similar to FIG. 2 at a stage when a polypropylene resin is injection 
moulded; 

FIG. 4 is a schematic cross-sectional view similar to FIG. 2 at a stage when a left mould half is reversed; 
FIG. 5 is a schematic cross-sectional view similar to FIG. 2 at a stage when a silicone rubber composition is injec- 
tion moulded, and 

FIG. 6 is a perspective view of a moulded article obtained from Ihe stage of FIG. 5. 

A polypropylene resin having an aliphatic unsaturated group is used herein. The term polypropylene resin encom- 
passes resins including a propylene unit. More particularly, the polypropylene resins are classified into two classes (i) 
and (ii) as described below. Random copolymers of propylene with a diene having Ihe structure CH=C(CH 3 ) 2 are dis- 
favoured because they are less adhesive. 

Class (1) includes random copolymers of propylene with a non-conjugated diene compound of the following gen- 
eral formula. 



Ri ~ C=C(CH 2 )„C=CH 2 

I I I 
R 2 Rj R 4 



In the formula, Ri to R 4 are independently hydrogen atom or alkyl group having 1 to 6 carbon atoms. It is preferred 
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lhat Ft} and R 2 are not both methyl groups when R 3 is a hydrogen atom, n is an integer of 1 to 20. 

Exemplary of the non -conjugated diene are 2-methyl-1 ,4-pentadiene, 1 ,4-hexadiene. 4-methyl-1,4-hexadiene 1 4- 
heptadiene, 4-me1hyl-1,4-hep1adiene, 4-ethyl-1,4-heptadiene, 1,5-heptadiene, 1,5-octadiene,5-me1hyl-1,5-heptadieiie, 
a-methyl-I.S-hexadiene, 1,6-octadiene, 6-methyl- 1,6-octadiene, 2-methyl-1,6-heptadiene, 1,9-decadiene, and 1,13-tet- 
radecadiene. Also useful are cyclic non-conjugated dienes such as vinylcyclohexene, vinylnorbornene, dicyclopentadi- 
ene, and ethylidenenorbornene, and trienes such as 1,3,7-octatriene and 1,5,9-decatriene. Preferred among these are 
1 ,9-decadiene and 1 ,13-tetradecadiene. These non-conjugated diene compounds may be used alone or in admixture 
of two or more. 

Random copolymerization of propylene with the non-conjugated diene compound may be effected by, for example 
conventional copolymerization methods using Ziegler-Natta catalysts. Preferably the non-conjugated diene is used in 
an amount of about 0.01 to 20 mol%, more preferably about 0.05 to 15 mol%, most preferably about 0.1 to 10 mol% of 
the copolymer. Weaker bonding force would be exerted between copolymers with a non-conjugated diene content of 
less than 0.01 mol% and the silicone rubber. Copolymers with a non-conjugated diene content of more than 20 moi% 
would suffer from some loss of crystallinity. 

Another unsaturated compound such as ethylene and butene-1 may be copolymerized with the random copoly- 
mers. 

The copolymers generally have a meltllow rate (MFR) of 0.01 to 1,000 g/10 min. at a temperature of 230°C under 
a load of 2. 16 kg. It is also acceptable to blend the random copolymer with a different type of polyolefin. 

Class (ii) includes graft copolymers in which polypropylene is graft polymerized with a diene compound of the fol- 
lowing general formula. 



R, - C=C(CH 2 ) m OCH 2 
R 2 Rs R 4 



In the formula, R t to R 4 are independently hydrogen atom or alkyl group having 1 to 6 carbon atoms and m is an 
integer of 1 to 20. 

Exemplary of the diene are2-methyl-1,4-pentadiene. 1 ,4-hexadiene, 4-methyl-1,4-hexadiene, 4-methyl-1,4-hepta- 
diene, 4-ethyl-1 ,4-heptadiene, 1,5-heptadiene, 1,5-octadiene, 5-methyl-1,5-heptadiene, 2-methyl-1,5-hexadiene, 1,6- 
octadiene, 6-methyl-i,6-octadiene, 2-methyM ,6-heptadiene, 1.9-decadiene, and 1,13-tetradecadiene. Also useful are 
cyclic non-conjugated dienes such as vinylcyclohexene, vinylnorbornene, dicyclopentadiene, and ethylidene-nor- 
bornene, and trienes such as 1 ,3,7-octatriene and 1,5,9-decalriene. Preferred among these are 1,9-decadiene and 
1 ,13-tetradecadiene. These non-conjugated diene compounds may be used alone or in admixture of two or more. 

A diene is grafted to polypropylene by radical polymerization using any desired method, for example, a solution 
method of dissolving polypropylene in an organic solvent such as xylene and toluene and adding a diene and a radical 
generating agent to the solution for reaction to take place, or a melt milling method of melting and milling a mixture of 
polypropylene, diene and radical generating agent in an extruder for reaction to take place. Preferably the diene is used 
in an amount of about 0.01 to 20 mol% of the resulting copolymer. 

Preferred examples of the radical generating agent or reaction initiator include peroxides such as benzoyl peroxide, 
lauroyl peroxide, di-tert-butyl peroxide, acetyl peroxide, tert-butyl peroxypivalate, 2,5-dimethyl-2,5-di-ter1-butyl peroxy- 
hexine, and tert-butyl peroxyperbenzoate, and diazo compounds such as azoblsisobulyronilrile. The radical generating 
agent is desirably used in an amount of about 1 to 50 parts by weight per 1 00 parts by weight of the monomer having 
an unsaturated bond. The graft copolymer generally has an MFR of 0.01 to 1 ,000 g/10 min. It is also acceptable to blend 
the graft copolymer with a different type of polyolefin. 

A different e.g. conventional polypropylene may be blended with the modified polypropylenes (i) and (ii) described 
above. 

The silicone rubber to be integrally joined with the above-defined polypropylene resin or a composition containing 
the same is an addition cured silicone rubber. Preferably the silicone rubber is obtained by curing a silicone rubber com- 
position comprising (a) an alkenyl group-containing organopolysiloxane, (b) an organohydrogenpolysiloxane having at 
least two hydrogen atoms each directly attached to a silicon atom in a molecule, and (c) an addition reaction catalyst. 

Component (a) is an organopolysiloxane containing an alkenyl group which may be selected from well-known orga- 
nopolysiloxanes conventionally used as a major component of addition curing type silicone rubber compositions, typi- 
cally having a viscosity of about 100 to 100.000 centipoise at room temperature. 

Preferred organopolysiloxanes are represented by the general formula: R a SiO (4 . a)/2 wherein R is a substituted or 
unsubstituted monovalent hydrocarbon group, preferably having 1 to 8 carbon atoms. Examples of the hydrocarbon 
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group represented by Ft include alkyl groups such as methyl, elhyl and propyl; alkenyl groups such as vinyl, propenyl 
and butenyl; aryl groups such as phenyl and xylyl; and halo- or cyano-substituted hydrocarbon groups such as 3,3,3- 
trilluoropropyl. The monovalent hydrocarbon groups may be Identical or different as long as an alkenyl group is con- 
tained in the organopolysiloxane molecule. The content of alkenyl group is preferably 0.01 to 10 mol%, especially 0.1 
to 1 mol% of the entire R groups. Letter a is a number of 1 .9 to 2.4, The organopolysiloxane may be a linear one or a 
branched one further containing a RSiO^ unit or SiO^ unit. The substituent on the silicon atom is basically any of the 
above-mentioned groups. It is desirable to introduce a vinyl group among the alkenyl groups and a methyl or phenyl 
group among other substitutent groups. 

Illustrative, non-limiting examples of the organopolysiloxane are given below. 

R R R R R R R 

CH,-CHSi(OSi) n OSiCH*CH J CH,=CHSi(OSi)„(OSi) m -OSiR 
R R R R R | I 

CH-CH, 



R R R R 

RSi(OSi) n (OSi) m -oiiR 
I I i 
R R R 

CH=CH 2 



In these formulae, R is as defined above (excluding an aliphatic unsaturated group), and letters m and n are posi- 
tive numbers meeting m + n - 1 00 to 5000 and m/(m + n) = 0.001 to 0.1 . 

The organopolysiloxanes may be prepared by per se known methods. For example, they are obtained by effecting 
equilibration reaction between an organocyclopolysiloxane and a hexaorganodisiloxane in the presence of an alkali or 
acid catalyst, 

Component (b) is an organohydrogenpolysiloxane which serves as a cross linking agent by reacting with compo- 
nent (a). It is not particularly limited in molecular structure and may be any of conventionally used organohydrogen- 
polysiloxanes of linear, cyclic and branched structures. However, it should have at least two hydrogen atoms each 
directly attached to a silicon atom in a molecule. The substituent or substituents attached to a silicon atom other than 
hydrogen are the same as the substituents described for organopolysiloxane (a). 

Component (b) is preferably added in an amount to provide 0.4 to 5 equivalents, especially 0.8 to 2 equivalents per 
alkenyl group in component (a). Less than 0.4 equivalents of component (b) on this basis can result in cured silicone 
rubber having a too low crosslinking density and hence, less heat resistance. More than 5 equivalents of component (b) 
sometimes gives rise to a bubbling problem due to dehydrogenation reaction, also adversely affecting heat resistance. 

The organohydrogenpolysiloxanes may be prepared by per se known methods. For example, the most commonly 
used method is by equilibrating octamethylcyclotetrasiloxane and/or tetramethylcyclotetrasiloxane and a compound 
containing a hexamethyldisiloxane or 1,1 -dihydro-2,2,3.3-tetramethyldisiloxane unit which will become a terminal group 
in the presence of a catalyst such as sulfuric acid, trifluoromethanesulfonic acid, and methanesulfonic acid at a temper- 
ature between -10°C and +40°C. 

Component (c) is an addition reaction catalyst which is generally selected from platinum and platinum compounds. 
Since the catalyst is used for promoting curing addition reaction or hydrosilation between components (a) and (b), it 
may be, for example, a conventional known one. Exemplary are platinum black, chloroplatinic acid, alcohol modified 
chloroplatinic acid, complexes of chloroplatinic acid with olefins, aldehydes, vinylsiloxanes or acetylene alcohols. Rho- 
dium complexes are also useful. The amount of the catalyst added is suitably determined In accordance with a desired 
curing rate although it is generally in the range of 0.1 to 1000 ppm, preferably 1 to 200 ppm of platinum or rhodium 
based on the total of the entire components. 

It is recommended that the silicone rubber composition further contains (d) a component in the form of a compound 
(I)or(n). 



R R R R 

CHr=CHSi (OSi)„(OSi) m -OSiCH= 
i I [ 
R R R 

CH=CH 2 



5 
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( I ) is a compound containing in a molecule at least one hydrogen atom directly attached to a silicon atom and at 
least one of alkoxysilyl group, glycidyl group and acid anhydride group. 

{ I ) is a compound containing in a molecule at least one hydrogen atom directly attached to a silicon atom and a 
divalent linkage -(CR 1 R 2 ) n - wherein each of R 1 and R 2 is a hydrogen atom or a substituted or unsubstituted mono- 
valent hydrocarbon group having 1 to 1 0 carbon atoms and n is an integer of from 2 to 30. 

The minimum requirement for component (d) is that it improves affinity to an organic resin (polypropylene resin hav- 
ing an aliphatic unsaturated bond) to which the silicone rubber is to be joined. From the standpoint of joining silicone 
rubber to organic resin, it is preferred that the compound contains at least one hydrogen atom and preferably more than 
one hydrogen atom directly attached to a silicon atom in a molecule. 

To this end, many conventional tackifier components proposed in the prior art are satisfactory. The use of these 
tacWf ier components can not provide silicone rubber with sufficient adherence to conventional polypropylene resins, but 
only to the specific polypropylene resin having an unsaturated group capable of hydrosilylation as contemplated herein. 
That is, although none of the prior art techniques can firmly join silicone rubber to polypropylene resins at a practical 
bond strength, the present invention selects a modified polypropylene resin so that silicone rubber, coupled with a tack- 
ifier component, can form a practically acceptable bond to the polypropylene resin. 

Examples of compound ( I ) are given below. 




CH 3 CH, 



0 



0 



H-Si-O-SH 
I I 
CH, CH, 



CH 2 CH£i<OCH,) 3 




0 



0 CH, 

1 I 

0-Si-CH 2 CHCOO{CH z ),Si(OCH,), 
» CH, 



H-Si 



CH, 




0 



0 
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10 



20 



CH, CH, 
H-ii-O-ii-CftCHzSKOCH,), 
0 0 

(CHaOjSiCH^Hj-Si-O-Si-CHiCH^fOCH,)! 
CH, CH, 



CH, CH, 
M-ii-O-ii-CHaC^SiCOCH,), 
0 0 



i i A 

H-Si-0-Si-CH i CH I CH I OCH i CH-CH, 
CH, CH, 



CH, CH, 
25 H-ii-O-ii-CH, 

A A 

i I 

H-Si-O-SHCH^OCOmcCH^SifOCH,), 
30 CH, CH, 



CH, CH, 

55 II-ii-0-ii-(CH^ 3 OCOCH, 

0 0 

H-Si-0-Si-CH,CH I Si(OCH J ), 
CH, CH, 



CH, CH, 
H-Si-O-ii-CH, 

6 6 

I l 

H-Si-0-Si-(CH l ),OCO(CH J ),COO(CH J ),Si(OCH,), 
CH, CH, 



Any of the foregoing compounds may be used as tacWf ier component (d) to improve bonding force between silicone 
rubber and polypropylene resin. The use of these compounds, however, has the problem that when it is desired to 
mould silicone rubber to a certain shape using a metallic moulding jig, typically a metallic mould, the silicone rubber will 
stick to Ihe jig. One solution to this problem is to use a moulding jig having a surface made of a less adhesive material, 
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for example, by applying a Teflon® resin coating to the jig surface. This solution is effective in some applications, but 
less reliable from the aspect of service life in other cases and unacceptable where the dimensional precision of a 
moulded article at its surface is of importance. 

Useful in such cases is a second class of compounds free of a lackifying functional group such as trialkoxysllyl, gly- 
cidyi and acid anhydride groups. It is to be noted that the first class of compounds ( I ) having a tackifying functional 
group as menlioned above can be used without the problem insofar as the functional group is fully suppressed In reac- 
tivity by the steric restraint or electronic action of a substituent group or neighbor g roup. 

The second class consists of compounds ( n ), examples of which are given below. 



10 



1S 



HSiO 
I 

CH 3 



Si-(CH,) n Si 



( CH^ 
OSiH 



BO 



SS 



CH, CH, CH, CH, 
H-ii-O-Si-CH, H-ii-O-ii-CH, 

A A 



I 

0 



H-Si-0-Si-(CH J ) n -5i-0-ii-CH J 
CH, CH a CH, CH S 



I 

0 



n - 2 to 3 0 



30 



• CH 3 \ 
HSiO 



Si-(CH,),C-0-(CI« 2 -0-C(aFW^i 
» 0 0 



' CH a \ 
OStH 

chJ* 



35 



40 



CHj 

CH,Si- 
I 

CH 3 



H 
I 

OSi- 

I 

CHj /m 



CH 3 
OSi(CH 3 )„ 
CH 3 



CH,/ H 
-Si-fOSi- 



l 



I 

CHW 



\ CH 3 CHw H y CH, 
CH 3 CH,l C^JmCH, 



45 The amount of component (d) blended is properly determined without undue experimentation although it is prefer- 
ably about 0.05 to 10 parts by weight per 100 parts by weight of component (a). 

In one preferred embodiment where the silicone rubber should have physical strength, the silicone rubber compo- 
sition further includes component (e) in the form of finely divided silica in an amount of 0 to 100 parts, preferably 5 to 
50 parts, more preferably 1 0 to 40 parts by weight per 1 00 parts by weight of the total of components (a) and (b). Pref- 

so erably the silica has a specific surface area of at least 50 m 2 /g. Exemplary of hydrophilic silica are Aerosil® 130, 200 
and 300 (commercially available from Nippon Aerosil K.K. and Degussa), Cabosil® MS-5 and MS-7 (Cabot Corp.), 
Rheorosil®, QS-102 and 103 (Tokuyama Soda K. K.), and Nipsil® LP (Nippon Silica K.K.). Exemplary of hydrophobic 
silica are Aerosil® R-812, R-812S, R-972 and R-974 (Degussa), Rheorosil® MT- 10 (Tokuyama Soda K.K ), and Nipsil® 
SS series (Nippon Silica K.K.). 

ss in some cases, the curing time of the silicone rubber composition must be controlled in order that it be effective in 
practice. Then a suitable control agent is used. Examples of the curing control agent include vinyl-containing organop- 
olysiloxanes such as vinylcyclotetrasiioxane, trial lylisocyanurate, alkyl maleates, acetylene alcohols and silane or 
siloxane modified derivatives thereof, hydroperoxides, tetramethylethylenedlamine, benzotriazole and mixtures Ihereof. 
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Moreover, suitable additives may be blended in the silicone rubber composition. Such additives include non-rein- 
forcing fillers such as ground quartz, diatomaceous earth, and calcium carbonate, coloring agents including inorganic 
pigments such as Cobalt Blue and organic dyes, and agents for improving heat resistance and flame retardance such 
as cerium oxide, zinc carbonate, manganese carbonate, iron oxide, titanium oxide, and carbon black. 

The silicone rubber composition in uncured state Is integrally moulded over the polypropylene resin by any desired 
technique, for example, by placing the uncured silicone rubber composition in a desired form on a preform of the poly- 
propylene resin and heating the assembly at a temperature below the softening temperature of the polypropylene resin. 
Placement of the uncured silicone rubber composition in a desired form can be done by moulding, coating or dipping. 
Another technique is by placing the uncured silicone rubber composition on a preform of the polypropylene resin and 
heating and compressing the assembly at a temperature below the softening temperature of the polypropylene resin. 
Alternatively, using an injection moulding machine, the polypropylene resin is first injection moulded in a mould and the 
silicone rubber composition is then heated and injected into the same mould. 

In moulding the unsaturated group-bearing polypropylene resin into a preform, any moulding technique commonly 
used for conventional thermoplastic resins may be employed. One exemplary known convenient technique includes 
palletizing the polypropylene resin, introducing the pellets into a mould heated above the softening point of the polypro- 
pylene resin, and cooling the mould to below the softening point of the polypropylene resin. This technique generally 
uses a machine known as an injection moulding machine or transfer moulding machine. Thereafter, the silicone rubber 
composition is moulded over the polypropylene resin preform. At this point, the silicone rubber composition may be liq- 
uid, putty or paste in uncured state. Desired for ease of moulding is a liquid or paste composition known as a liquid sil- 
icone rubber composition to those skilled in the art. 

There has been described a polypropylene resin/silicone rubber integrally moulded article in which a polypropylene 
resin having an aliphatic unsaturated group or a composition containing the same is used, and an addition type silicone 
rubber Is overlaid, joined and integrated to the polypropylene resin so that a strong bond is established between the 
polypropylene resin and the silicone rubber. This moulded article finds application as parts in electric, electronic, auto- 
motive and precision equipment fields since it takes advantages of the properties of both polypropylene resin and sili- 
cone rubber. 

Such a polypropylene resin/silicone rubber Integrally moulded article can be prepared in a simple reproducible 
manner. Moulding of the polypropylene resin or its composition and placement of the silicone rubber in contact with the 
polypropylene resin preform can be accomplished by injection moulding. Particularly when a compound ( H ) is used as 
tackifier component (d) in the silicone rubber composition, the silicone rubber as moulded and cured can be smoothly 
removed from the mould without sticking. Easy release of the silicone rubber from the metallic mould is one of the ben- 
efits. 

EX A MPLE 

Examples of the present invention are given below by way of illustration. All parts are by weight, 
Exam p |e J, 

Preparation of silicone ruh ber composition 

A kneader was charged with 100 parts of a dimethylsiloxane polymer blocked with a dimelhylvinylsilyl group at 
either end and having a viscosity of 10,000 centipoise at 25°C, 40 parts of fumed silica having a specific surface area 
of 300 cm /g, 8 parts of hexamethyldisilazane, and 1 part of water. The contents were agitated and mixed at room tem- 
perature for one hour, heated to 1 50°C, and mixed for a further 2 hours at the temperature. Thereafter, the mixture was 
cooled down to room temperature. To the mixture wereadded 20 parts of the blocked dimethylsiloxane polymer, 3 parts 
of a methylhydrogenpolysiloxane represented by formula (A) below and having a viscosity of about 10 centipoise at 
25°C, 4 parts of a vinylmethylpolysiloxane containing 5 mol% of a vinyl group directly attached to a silicon atom and 
having a viscosity of 1 ,000 centipoise at 25-0, 0.1 part of acetylene alcohol for extending the curing time at room tem- 
perature, and 50 ppm (calculated as platinum atom) of a platinum vinylsiloxane complex. The mixture was fully mixed 
until uniform, obtaining a liquid addition type silicone rubber composition ( r ). 
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CH, 

CH^Si- 
I 

CH 3 



/ CH, 
I 

■OSi- 



H 



CH, 
I 

OSi- 
CHi> 



CH, 

OSiCH, 
I 

i CH 3 



...(A) 



Composition ( I ) was pressed into a sheet at 120°C for 1 0 minutes, Upon measurement of mechanical properties, 
the sheet had a hardness of 40 on J IS A scale, an elongation of 500%, at tensile strength of 100 kgf/cm 9 , and a tear 
strength of 35 kgf/cm. 



Preparation of polypropylen e re sin 

15 

Random copolymerization of propylene and 1,9-decadiene was effected at 70°C in the presence of a propylene 
polymerizing catalyst based on a Ziegler-Natta catalyst activating titanium trichloride. The modified polypropylene resin 
had a 1.9-decadiene content of 2.5 mol% as measured by NMR and an MFR of 0.1 g/10 min. 

The modified polypropylene resin was admitted into a thermoplastic resin injection moulding machine where the 
so resin was plasticized at 200°C and injected into a plurality of sheet-shaped mould cavities whereby a plurality of sheets 
25 mm wide, 100 mm long, and 2 mm thick were molded. The injection moulding conditions included an injection time 
ol 6 seconds, a cooling time of 30 seconds, an injection pressure of 1 ,000 kg/cm 2 , a clamping pressure of 35 ton and 
a cavity temperature of 60°C. 

To a jig for forming shear adhesion test pieces was fixedly attached the polypropylene resin sheet. A proper amount 
25 of the silicone composition ( I ) was poured into the jig where ft was cured by heating for 8 minutes In a 120°C constant 
temperature oven, obtaining a test piece as shown in the side and plan views of FIGS. 1A and 1 B. In FIG. 1 , a polypro- 
pylene resin sheet *a' is joined, to a cured part of the silicone composition 'b' (25 x 100 x 2 mm) at a bond zone 'c'. Sup- 
ports 'd' and 'e' support the resin sheet 'd" and the cured silicone part 'b' respectively. 

The test piece was examined by an adhesion test. The results are shown in Table 1 . 

30 

Comparative Example 1 



An adhesive test piece as shown in FIGS. 1 A and 1 B was prepared by the same procedure as in Example 1 except 
that the modified polypropylene resin was replaced by a commercially available (unmodified) polypropylene. The test 
as pieces were examined for adhesion. The results are also shown in Table 1 . 



Table 1 





Polypropylene 


Test 


Example 1 


modified 


bonded 


Comparative Example 1 


unmodified 


separated 



45 Example 2 



A two-colour injection moulding machine Including a pair of injectors was used herein. Referring to FIG. 2, the injec- 
tors include nozzles 1 and 2. A mould includes left and right mould halves 3 and 4 which are formed with opposed upper 
and lower recesses so that they define upper and lower cavities 5 and 6 when mated along a parting line. The nozzle 
so 1 extends through the mould along the parting line for fluid communication with the upper mould cavity 5. The nozzle 2 
extends through the right mould half 4 at the centre of its right side surface for fluid communication with the lower mould 
cavity 6. 

The same polypropylene resin modified with 2.5 mol% of diene as in Example 1 was admitted into the injection 
moulding machine where it was melted at 200°C and injected into the upper cavity 5 through the nozzle 1 to mould a 
55 polypropylene resin sheet 7 as shown in FIG. 3, The injection moulding conditions included an injection time of 6 sec- 
onds and a cooling time of 35 seconds while the upper cavity 5 and left mould half 3 were maintained at a temperature 
of 60°C. 

Next, the right mould half 4 was removed to open the mould. With the resin sheet 7 left in the recess of the left 
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mould half 3, the mould half 3 was rotated 180° about a horizontal axis. The mould half 4 was mated again with the left 
mould half 3 and clamped together. Then a cavity for moulding a silicone rubber sheet was defined between the 
exposed surface of the resin sheet 7 and the lower recess of the right mould halt 4 as shown in FIG. 4. 

Then liquid addition type silicone rubber composition { I ) was injected against the exposed surface of the resin 
sheet 7 through the nozzle 2 to mould a rubber sheet 8 as shown in FIG. 5. The moulding conditions included an injec- 
tion time of 6 seconds and a curing time of 100 seconds while the left and right mould halves 3 and 4 were at temper- 
atures of 60*C and 80°C, respectively. 

The foregoing procedure yielded a composite moulded article as shown in FIG. 6 wherein the resin and rubber 
sheets 7 and 8 were firmly joined together. Both the sheets were of the same dimensions: 2.5 mm wide, 15 cm long, 
and 2 mm thick. The composite moulded article was firmly integrated and had satisfactory dimensional precision and 
production yields. 

Comparative Example 2 

A composite moulded article as shown in FIG. 6 was prepared by the same procedure as in Example 2 except that 
the modified polypropylene resin was replaced by an unmodified polypropylene. The article was examined for adhesion 
to find that the resin sheet was readily separated from the silicone rubber sheet. 

Example 3 

Preparation of silicone rubber composition 

To 1 00 parts of silicone rubber composition (I ) in Example 1 was added 2 parts of a compound of formula (B) or 
(C) shown below as tackrfier component. 

CH a CH, 
H-ii-0-ii-CH 2 CH 2 Si(OCH3) 3 

0 4 o s ••• (B> 

H-Si-O~Si-(CH0 3 OCH 2 CH~CHz 

1 I 
CH 3 CH 3 



CH, CH 3 CH, 

H-i-0-ii-CH 7 .iHC-0(CH 2 ) 3 Si(OCH,) 3 

I I A 
0 0 o 

H-ii-O-ii-CHi ...(C) 

CH 3 CH, 



Preparation of polypropylene fPP) resin 

Random copolymerization of propylene and 1 ,9-decadiene was effected at 70°C in the presence ol a propylene 
polymerizing catalyst based on a Ziegler-Natta catalyst activating titanium trichloride. The modified polypropylene resin 
had a 1,9-decadiene content of 1.5 mol% as measured by NMR and an MFR of 0.3 g/10 min. 

The modified polypropylene resin was admitted into a thermoplastic resin injection moulding machine where the 
resin was plasticized at 200°C and injected into a plurality of sheet-shaped mould cavities whereby a plurality of sheets 
of 25 mm wide, 100 mm long, and 2 mm thick were moulded. The injection moulding conditions included an injection 
time of 6 seconds, a cooling time of 30 seconds, an Injection pressure of 1,000 kg/cm 2 , a clamping pressure of 35 ton, 
and a cavity temperature of 60°C. 
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To a jig for forming shear adhesion test pieces was fixedly attached the polypropylene resin sheet or one of chro- 
mium-plated metal, nickel-plated metal and aluminium alloy sheets of the same dimensions. A proper amount of the sil- 
icone composition was poured into the jig where it was cured by heating for 8 mi nutes in a 1 20°C constant temperature 
oven, obtaining a test piece as shown in the side and plan views of FIGS. 1 A and 1 B. 

The test pieces were examined by an adhesion test. The results are shown in Table 2. 

Comparative Example 3 

Adhesive test pieces as shown In FIGS. 1 A and 1 B were prepared by the same procedure as in Example 3 except 
that the modified polypropylene resin was replaced by an unmodified polypropylene. The test pieces were examined for 
adhesion. The results are also shown in Table 2. 



Table 2 



Sheet 


Test 


Remarks 


Modified PP 


bonded 


Example 3 


Chromium-plated metal 


bonded 


Example 3 


Nickel-plated metal 


bonded 


Example 3 


Aluminium alloy 


bonded 


Example 3 


Unmodified PP 


separated 


Comparative Example 3 



Example 4 

Several sheets 25 mm wide, 100 mm long, and 2 mm thick were injection moulded from the same polypropylene 
resin by the same method under the same conditions as in Example 3. 

Separately, to 100 parts of composition ( I ) was added 0.5 or 1 part of a compound of formula (D) or (E) shown 
below as tackifier component. 



/ CH 4 
HSiO 



Si-(CH 2 ) 2 Si 



/ CH,\ 
OSiH 
\ C¥Uh 



...(D) 



H-Si-O-Si-(CH0«-4i-O-4i-H 



O 
I 



I 

O 



H-Si-O-Si-H 
1 I 
CH 3 CH 3 



? ? 

H-Si-O-Si-H 
CHo CHo 



...(E) 



To a jig for forming shear adhesion tesl pieces was fixedly attached the polypropylene resin sheet or one of chro- 
mium-plated metal, nickel-plated metal and aluminium alloy sheets of the same dimensions. A proper amount of the sil- 
icone rubber composition was poured Into the jig where it was cured by heating for 8 minutes in a 120°C constant 
temperature oven, obtaining a test piece as shown in the side and plan views of FIGS. 1 A and 1 B. The test pieces were 
examined tor adhesion. The results are shown in Table 3. 
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Comparative Example 4 

A sheet 25 mm wide, 100 mm long, and 2 mm thick was injection moulded by the same procedure as in Example 
4 except that the modified polypropylene resin (filler free) was replaced by an unmodified polypropylene (filler free). Liq- 
uid addition type silicone rubber composition ( I ) in Example 1 was cured to the sheet by heating for 8 minutes in a 
120°C constant temperature oven, obtaining a test piece as shown in FIGS. 1 A and 1B. It was examined for adhesion. 
The result is also shown in Table 3. 



Table 3 



Example 4 


Tackifier (D) 


0.5 pbw 


1 pbw 






Tackifier (E) 






0.5 pbw 


1 pbw 


Cr-plated metal 


separated 


separated 


separated 


separated 


Ni-plated metal 


separated 


separated 


separated 


separated 


Aluminium alloy 


separated 


separated 


separated 


separated 


Modified PP 


bonded 


bonded 


bonded 


bonded 


Comparative Example 4 


Unmodified PP 


separated 


separated separated 


separated 



Example 5 

The same polypropylene resin modified with 1.5 mo[% of diene as in Example 3 was admitted into the Injection 
moulding machine of FIG. 2 where It was melted at 20000 and injected into the upper cavity 5 through the nozzle 1 to 
mould a polypropylene resin sheet 7 as shown in FIG. 3. The injection moulding conditions included an injection time 
of 6 seconds and a cooling time of 35 seconds while Ihe upper cavity 5 and left mould half 3 were maintained at a tem- 
perature of 60°C. 

Next, the right mould half 4 was removed to open the mould. With the resin sheet 7 left in the recess of the left 
mould half 3, the mould half 3 was rotated 180* about a horizontal axis. The right mould half 4 was mated again with 
the left mould half 3 and clamped together. Then a cavity for moulding a silicone rubber sheet was defined between the 
exposed surface of the resin sheet 7 and the lower recess of the right mould half 4 as shown in FIG. 4. 

Then a composition containing 100 parts of liquid addition type silicone rubber composition ( I ) and 0.5 or 1 part 
of tackifier (D) or (E) used in Example 4 was injected against the exposed surface of the resin sheet 7 through the noz- 
zle 2 to mould a rubber sheet 8 as shown In FIG. 5. The moulding conditions included an injection time of 6 seconds 
and a curing time of 100 seconds while the left and right mould halves 3 and 4 were at temperatures of 60°C and 80°C 
respectively. 

The foregoing procedure yielded a composite moulded article as shown In FIG. 6 wherein the resin and rubber 
sheets 7 and 8 were firmly joined together. Both the sheets were of the same dimensions: 2.5 mm wide, 15 cm long, 
and 2 mm thick. All composite molded articles obtained from the compositions having 0.5 and 1 part of tackifiers (D) 
and (E) were firmly integrated and had satisfactory dimensional precision and production yields. The rubber sheets 
could be readily released from the mould made of chromium-plated carbon steel. 

Comparative Example 5 

A composite moulded article as shown in FIG. 6 was prepared by the same procedure as in Example 5 except that 
the modified polypropylene resin was replaced by an unmodified polypropylene. The article was examined for adhesion 
to find that the resin sheet was readily separated from the silicone rubber sheet. 

Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in the light of the above teachings. It is therefore to be understood that within the scope of the appended claims, 
the invention may be practised otherwise than as specifically described. 
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Claims 

1 . A polypropylene resin/silicone rubber integrally moulded article in which 

{a) a polypropylene component made of polypropylene resin selected from 

(i) random copolymers of propylene with non-conjugated diene of the formula 

Rl ~C = C-(CH 2 ) n -HC = CH, 
R 2 R 1 R 4 

where groups R 1 to R 4 are selected independently from H and C,^ alkyl. and n is an integer in the range 
from 1 to 20, and 

(ii) graft copolymers of polypropylene graft-polymerised with non-conjugated diene of the formula 

Rl ~ C l = C j~ {CH;!)m ~| C = CH > 
R 2 R 3 R 4 

where groups R 1 to R 4 are selected independently from H and alkyl, and m is an integer in the range 
from 1 to 20; 

or of a resin composition containing such a polypropylene resin, is integrally joined to 
(b) an addition-type silicone rubber obtainable from a composition comprising 

(I) alkenyl group-containing organopolysiloxane; 

(II) organohydrogenpolysiloxane having per molecule at least two hydrogen atoms directly attached to sil- 
icon atom, and 

(iii) addition reaction catalyst. 

2. An article according to claim 1 in which the polypropylene component comprises said random copolymer of propyl- 
ene with non-conjugated diene, residues of the non-conjugated diene constituting from 0.01 to 20 mol% of the ran- 
dom copolymer. 

3. An article according to claim 1 in which the polypropylene component comprises said graft copolymer, residues of 
the non-conjugated diene constituting from 0.01 to 20 mol% of the graft copolymer. 

4. An article according to any one of claims 1 to 3 in which the composition for the silicone rubber comprises a com- 
pound containing per molecule at least one Si-H group and at least one alkoxysilyl, glycidyl or acid anhydride group. 

5. An article according to any one of claims 1 to 3 in which the composition for the silicone rubber comprises a com- 
pound containing per molecule at least one Si-H group and a divalent linkage -(CR 1 R z ) n -, where R 1 and R 2 are 
selected from H and substituted and unsubstituted Ci. 10 monovalent hydrocarbon groups and n is an integer in the 
range from 2 to 30. 

6. An article according to any one of the preceding claims in which the silicone rubber comprises from 5 to 50 parts 
by weight of finely-divided silica per 1 00 parts by weight of the combined organopolysiloxane and organohydrogen- 
polysiloxane components (b)(i),(ii). 

7. A method of making a polypropylene resin/silicone rubber integrally moulded article, comprising the steps of 

(a) moulding a polypropylene component preform from a polypropylene resin selected from 
(i) random copolymers of propylene with non-conjugated diene of the formula 
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R'-C = C-(CH 2 ) n -C = CH 2 
R 2 R 5 R 4 

where groups R 1 to R 4 are selected independently from H and alkyl, and n is an integer in the range 
from 1 to 20, and 

(ii) graft copolymers of polypropylene graft-polymerised with non-conjugated diene of the formula 

10 

R, ~C = C~{CH 2 ) ffl ~C = CH 2 
R 2 R 3 R' 1 

15 

where groups R 1 to R 4 are selected independently from H and C,. 6 alkyl, and m is an integer in the range 
from 1 to 20; 

so or from a resin composition containing such a polypropylene resin; 

(b) contacting an adhesive addition-curable silicone rubber composition, comprising 

(i) alkenyl group-containing organopolysiloxane 

(ii) organohydrogenpolysiloxane having per molecule at least two hydrogen atoms directly attached to sil- 
25 icon atom, and 

(iii) addition reaction catalyst with a surface of the preform, and 

(c) curing the silicone rubber composition at a temperature lower than the softening point of the polypropylene 
component. 

30 

8. A method according to claim 7 in which the polypropylene component comprises said random copolymer of propyl- 
ene with non-conjugated diene, residues of the non-conjugated diene constituting from 0,01 to 20 mol% of the ran- 
dom copolymer. 

35 9. A method according to claim 7 in which the polypropylene component comprises said graft copolymer, residues of 
the non-conjugated diene constituting from 0.01 to 20 mol% of the graft copolymer, 

1 0. A method according to any one of claims 7 to 9 in which the silicone rubber composition comprises a compound (I) 
containing per molecule at least one Si-H group and at least one alkoxysilyl, glycidyl or acid anhydride group. 

40 

11. A method according to claim 10 in which the compound (I) is selected from 



45 



50 



55 
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CH, CH, 

H-ii-o-ii-H 

4 0 

I I 

H-Si-0-Si-CH,CH£i(OCHU, 
CH, CH, 



CH, CH, q 

H-ii-0-ii-CH 1 CH I CH J OCH 2 CH-^H J 

0 0 CH, 

H-Si-0"Si-CH 2 CHCOO(CH I ) 3 Si(OCH 3 ) 3 
CH 3 CH, 



CH, CH, q 

H-Si-0-ii-CH 2 CH J CH 2 OCH J CH- > bH s 

0 0 
l 



H-Si-O-SMCEttjS 



0-C=CH 3 



CH, CH, v CH, 



CH, CH, 
H-ii-o4i-CH z CH,Si(OCH,), 
0 0 

(CHaOJjSiCHiCHj-Si-O-Si-CHzCH^itOCH^a 
CH, CH, 



CH, CH, 
H-ii-0-ii-CH 2 CH J Si(OCH,), 
0 0 0 

H-Si-0-Si-CH,CH ! CH I OCH z CH-CH 2 
CH, CH, 
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CH 3 CHa 

0 0 

1 I 

H~S l -0~Si-(CH i ) 3 OCONH(CH,) 3 Si(OCH 3 ) 3 
CH 3 CH 3 

CH 3 CH, 
H-ii-0-ii-(Ot) I OCOCH J 

0 0 
H-Si-O-Si-CHjCH^UOCH,), 

CH 3 CH 3 

CH a CH 3 
II-ii-oii-CH, 

I I 

O 0 

H-Si-O-Si-tCH^OCOCCH^COOCCHOjSitOCHi), 
CH 3 CH 3 



12. A method according to any one of claims 7 to S in which the silicone rubber composition comprises a compound 
(II) containing per molecule at least one Si-H group and a divalent linkage -(CR 1 R 2 ) n -, where R 1 and R 2 are 
selected Irom H and substituted and unsubstituted C,.^ monovalent hydrocarbon groups and n is an integer in the 
range from 2 to 30. 

13. A method according to claim 12 in which the compound (II) is selected from 
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f CH, 
HSiO 



Si-(CH 3 ) n Si 



/ CHj\ 
OSiH 
CH, h 



CH 3 CH 3 Ca CHa 
H-Si-O-ii-CH, H-ii-O-ii-CH, 

H-Si-0-Si~(CH 2 ) n -ii-0-ii-CH3 
CH, CH 3 CH, CH 3 



( 9 H M / CH 3 ^ 



HSiO SHCHahC-O^CH^-O-CtCH^Si 



i ChJj 4 d 



osih 

ChJ= 



CHa/ H 

CH 3 Si-OSi- 
I i 
CH, 



CH 3 



CH, 
I 



-OSHCHJn-Si-OSi 



CHjm CH 3 



I 

CH, 



H 
I 



I 



CH 3 
-OSi(CH*) n 



^ CH 3 /m CH 3 



CH 3 / H 
-Si-fOSi- 
CH 3 



V CHj/r 



CH, 

-SiCH, 
I 

CH 3 



14. A method according to claim 12 or claim 13 in which the amount of compound (I) or (II) in the silicone rubber com- 
position is in the range from 0.05 to 1 0 parts by weight per 100 parts by weight of the organopolysiloxane (b){i). 

15. A method according to any one of claims 7 to 1 4 in which in the silicone rubber composition: 

the organopolysiloxane (i) accords with the compositional formula 

R aSiO(4. a) / 2 

where R are substituted or unsubstiluted hydrocarbon groups, from 0.1 to 1 mol% of which are alkenyl, and 1 .9 
^ as 2.4, and 

the organohydrogenpolysiloxane (ii) is present in an amount constituting from 0.8 to 2 equivalents per equiva- 
lent of alkenyl group in the organopolysiloxane (i). 

16. A method according to any one of claims 7 to 15 in which the steps of moulding the preform and contacting the sil- 
icone rubber composition with it are done by injection moulding. 

17. A method according to any one of claims 7 to 1 6 in which the non-conjugated diene is 1 ,9-decadiene or 1 ,1 3-tetra- 
decadiene. 
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Patentanspriiche 

1 . EinstOckiger Formteil aus Polypropylenharz/Silikongummi, worin 

(a) eine Polypropylenkomponente, die aus Polypropylenharz besteht, das ausgewahlt isl aus: 
(i) stalistischen Copolymeren von Propylen mit nichtkonjugiertem Den der Formel 

ri^C = C-(CH 3 ).-C = CH 2 
I I I 
R a R 3 R 4 



worin die Gruppen R 1 bis R 4 unabhangig voneinander aus H und C^-Alkyl ausgewahlt sind und n eine 
ganze Zahl im Bereich von 1 bis 20 ist, und 

(it) Pfropf-Copolymeren von Polypropylen, das mit nichtkonjugiertem Dlen der Formel 

R l -Cj = Cj-(CH 2 )„-H: = CH 2 
R 2 R 3 R* 

pfropfpolymarisiert ist, worin die Gruppen R 1 bis R 4 unabhangig voneinander aus H und C^-Alky! ausge- 
wahlt sind und m eine ganze Zahl im Bereich von 1 bis 20 ist; 

Oder aus einer Harzzusammensetzung, die ein solches Polypropylenharz enthait, ein6tuckig verbunden ist 
mit 

(b) elnem Silikongummi vom Additionstyp, der aus einer Zusammensetzung erhaltlich ist, die umfaBt: 
(i) alkenylgruppenhaltiges Organopolysiioxan; 

(il) Organohydrogenpolysiloxane, die pro Molekul zumindest zwei direkt an Siliziumatom gebundene Was- 
serstoffatome autweisen, und 
(ill) Additionskatalysator. 

2. Formteil nach Anspruch 1 , in dem die Polypropylenkomponente das statistlsche Copolymer von Propylen mit nicht- 
konjugiertem Den umfaBt, wobei Reste des nichtkonjugierten Diens 0,01 bis 20 Mol-% des statistischen Copoly- 
mers ausmachen. 

3. Formteil nach Anspruch 1, worin die Polypropylenkomponente das Pfropf-Copolymer umfaBt, wobei Reste des 
nichtkonjugierten Dlens 0,01 bis 20 Mol-% des Pfropf-Copolymers ausmachen. 

4. Formteil nach einem der AnsprUche 1 bis 3, bei dem die Zusammensetzung for den Silikongummi eine Verbindung 
umfaBt, die pro MolekOI zumindest eine Si-H-Gruppe und zumindest eine Alkoxysilyl-, Glycidyl- Oder Saureanhy- 
dridgruppe enthait. 

5. Formteil nach einem der AnsprClche 1 bis 3, bei dem die Zusammensetzung far den Silikongummi eine Verbindung 
umfaBt, die pro MolekOI zumindest eine Si-H-Gruppe und ernen zweiwertigen Linker -(CR 1 R 2 ) n - enthait, worin R 1 
und R 2 aus H und substituierten und unsubstituierten einwertigen Ci.i 0 -Kohlenwasserstoflgruppen ausgewahlt 
sind und n eine ganze Zahl Im Bereich von 2 bis 30 ist. 

6. Formteil nach einem der vorangegangenen AnsprOche, bei dem der Silikongummi 5 bis 50 Gewichtsteile feinteilige 
Kieselsaure pro 100 Gewichtsteile der Kombination aus Organopolysiioxan- und Organohydrogenpolysiloxan- 
Komponente (b)(i), (ii) umfaBt. 

7. Verfahren zur Herstellung eines einstuckig geformten Polypropylenharz/Silikongummi-Formteils, folgende Schritte 
umfassend: 
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(a) das Formen eines Polypropylenkomponenten-Vorformlings aus ernem Polypropylenharz, ausgewahlt aus: 
(I) statislischen Copolymeren von Propylen mit nichtkonjugiertem Dien der Formal 

R'-C = C-(CH,),-C - CHj 
I I. i 
R 2 R* R' 

worin die Gruppen R 1 bis R 4 unabhangig voneinander aus H und C^-Alkyl ausgewahlt sind und n eine 
ganze Zahl im Bereich von 1 bis 20 ist, und 

(ii) Plropf-Copolymeren von Polypropylen, das mit nichtkonjugiertem Dien der Formal 

R i_C = C-(CH 3 ).-C = CH, 

I i i 
R 2 R 3 R^ 



pfropfpolymerisiert ist, worin die Gruppen R 1 bis R 4 unabhangig voneinander aus H und C^-Alkyl ausge- 
wahlt sind und meine ganze Zahl im Bereich von 1 bis 20 ist; oder aus einer Harzzusammenselzung, die 
ein solches Polypropylenharz enthalt; 

(b) das In-Kontakt-Bringen einer haftfahigen additionshartbaren Silikonkautschuk-Zusammensetzung, umfas- 
send 

(i) alkenylgruppenhaltiges Organopolysiloxan, 

(ii) Organohydrogenpolysiloxane, die pro MolekQI zumindest zwei direkt an Siliziumatom gebundene Was- 
serstotfatome aufweisen, und 

(iii) einen Additionskatalysatar, 

mit einer Oberflache des Vorformlings, und 

(c) das HSrten der Silikonkautschukzusammensetzung bei einer Temperatur unterdem Erweichungspunkt der 
Polypropylenkomponente. 

8. Verfahren nach Anspruch 7, bei dem die Polypropylenkomponente das statistische Copolymer von Propylen mit 
nichtkonjugiertem Dien umfaBI, wobei Reste des nichtkonjugierten Diens 0,01 bis 20 Mol-%des statistischen Cop- 
olymers ausmachen. 

9. Verfahren nach Anspruch 7, bei dem die Polypropylenkomponente das Pfropf-Copolymer umfaGt, wobei Reste des 
nichtkonjugierten Diens 0,01 bis 20 Mol-% des Pfropf-Copolymers ausmachen, 

1 0. Verfahren nach einem der Anspruche 7 bis 9, bei dem die Silikonkautschukzusammensetzung eine Verbindung (I) 
umfaBt, die pro Molekul zumindest eine Si-H-Gruppe und zumindest eine Alkoxysilyl-, Glycidyl- oder Saureanhy- 
dridgruppe enthalt. 

11. Verfahren nach Anspruch 10, bei dem die Verbindung (I) ausgewahlt ist aus: 
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CH, CH, 

H-ii-O-ii-H 
l [ 

0 0 

H-Si-O-Si-CHiCH^ifOCH,), 

1 t 
CH, CH, 



CH, CH, 0 

H-ii-O-ii-CHiCHzCH^CHjdi-bHz 
I I 

0 0 CH, 

H-Si-0-Si-CH2CHCOO(CHi),Si(OCH,)i 

1 I 
CH 3 CH, 



CH, CH, 0 

I-l-ii-O-ii-CHiCHjCH^CHjCH-^CH, 
I I 
0 0 



! ' 



H-Si-O-Si-CCH^Si 



0-C=CH 3 



CH, CH, CHj 



CH, CH, 

H-ii-0 4i-CHzCH*Si(0CH,), 
I l 
0 0 

(CH 3 0),SiCH l CH ! -Si-0-Si-CH l CH,Si(OCH J ) 3 
CHj CH, 
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CH, CH, 

H-a-0-£i-CH 1 CH,Si(OCH 1 ) J 
0 0 0 

H-Si-O-Si-CHjCI^CH^C^CH-CHz 
CM, CH, 

CH, CH, 

H-Si-O-ii-CH, 

0 0 
! I 

H-Si-0-Si-(CH^OCONH(CH J ) J Si(OCH3) J 
CH, CH, 



CH, CH, 
U^i-O-inCH^OCOCH, 

0 0 

H-Si-O-Si-CaCKiSKOCH,), 

1 I 
CH, CH, 



CH, CH, 
H-ii-O-ii-CH, 
0 0 

II-Si-O-Si-CCH^OCOTOiCOOrcHO^iCOCH,), 
CH, CH, 



12. Verfahren nach einem der Ansprilche 7 bis 9, bei den, die Silikonkautschukzusammensetzung eine Verbindung (II) 
umfaGt, die pro Molekul zumindest eine Si-H-Gruppe und einen zweiwertigen Linker -(CR 1 R 2 ) n - enlhait, worin R 1 
und R a aus H und substituierten Oder unsubstitulerten einwertigen C^o-Kohlenwasserstoffgruppen ausgewahlt 
sind und n eine ganze Zahl im Berelch von 2 bis 30 ist. 

13. Verfahren nach Anspruch 12, bei dem die Verbindung (II) ausgewahlt ist aus 
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/ CM 
HSiO 



Si-(CH,) n SI 



I I 
OSiH | 



10 



IS 



CH 3 CHj CH, CH, 

H-ii-O-ii-CH, H-Si-O-ii-CH, 
I i 



I 

0 



0 
I 



0 



H-Si-O-SMCHJo-Si-O-Si-CH, 
ll I i 

CH, CH» CH, CH, 



n~ 2 bis 30 



20 



25 



I CH, 



HSiO 

chw 



Si-(CH,):C-0-(CH,) J -0-C(CH I ) l Si 

A 6 



CH,\ 
OSLH 



30 



35 




CH, CHw H y CH, 
OSUCH^-Si- OSi— -iiCH, 
CH, CH,l CH,/-CH, 



14. Verfahren nach Anspruch 1 2 Oder 13, bei dem die Menge an Verbindung (I) oder (II) in der Silikonkautschukzusam- 
40 mensetzung im Bereich von 0,05 bis 10 Gewichtsteilen pro 100 Gewichtsteile des Organosiloxans (b)(i) liegt. 

15. Verfahren nach einem der AnsprQche 7 bis 14, bei dem in der Siiikonkautschukzusammensetzung: 
das Organopolyslloxan (i) der Zusammenselzungsformel 

entspricht, worin R substituierte oder unsubslituierte Kohlenwasserstoffgruppen sind, von denen 0,1 bis 1 Mol-% 
Alkenyl sind, und gilt: 1,9 £ a ^ 2.4, und das Organohydrogenpolysiloxan (ii) in einer Menge von 0,8 bis 2 Aquva- 
lenten pro Aquivalent Alkenylgruppen Im Organopolysiloxan (i) vorhanden ist. 

60 

16. Verfahren nach einem der Anspruche 7 bis 15, bei dem die Schritte des Formens des Vorformlings und des Damit- 
In-Kontakt-Bringens der Silikonkautschukzusammensetzung durch SpritzgufJ erfolgen. 

17. Verfahren nach einem der AnsprQche 7 bis 1 6, bei dem das nichtkonjuigerte Den 1 ,9-Decadien oder 1,13-Tetrade- 
55 cadien ist. 
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Ftevendicatlons 

1 . Un article moule integralement en resins de polypropylene/caoutchouc de silicone dans lequel 
(a) un composant de polypropylene forme d'une resine de polypropylene selectionnee parmi 

(i) des copolymeres statistiques de propylene avec un diene non conjugue de la formule 

R l _C = C-{CH 2 ) n -C = CH 2 
R R J K 9 

oil les groupes R 1 a R 4 sonl independamment selectionnes parmi H et alkyle C A . 6l et n est un entier de 
i'ordre de 1 a 20, et 

(ii) des copolymeres greffes de polypropylene polymerise par greffe avec un diene non conjugue de la for- 
mule 



R -C = C-(CH 2 ) n -C = CH 2 

'2 ' "i 'a 
R R R 

ou les groupes R 1 a R 4 sont selectionnes independamment parmi H et alkyle C,^, et m est un entier de 
I'ordre de 1 a 20; 

ou d'une composition de resine contenant une telle resine de polypropylene, est integralement joint a 
(b) un caoutchouc de silicone du type par addition pouvant etre obtenu d'une composition comprenant 
(i) un organopolysiloxane contenant un groupe alcenyle; 

(li) un organohydrogenopolysiloxane ayant par molecule au moins deux atomes d'hydrogene directement 
attaches a I'atome de sillcium, et 

(ill) un catalyseur de reaction par addition. 

2. Un article selon la revendication 1 , dans lequel le composant de polypropylene comprend ledit copolymere statis- 
tique de propylene avec le diene non conjugue, les residus du diene non conjugue constituant 0,01 a 20% en moles 
du copolymere statistique. 

3. Un article selon la revendication 1 dans lequel le composant de polypropylene comprend ledit copolymere greffe, 
les residus du diene non conjugue constituant de 0,0 1 a 20% en mole du copolymere greffe. 

4. Un article selon I'une quelconque des revendi cations 1 a 3. dans lequel la composition pour le caoutchouc de sili- 
cone comprend un compose contenant, par molecule, au moins un groupe Si-H et au moins un groupe alcoxysilyle, 
glycidyle ou anhydride d'acide. 

5. Un article selon I'une quelconque des revendications 1 a 3, dans lequel la composition pour le caoutchouc de sili- 
cone comprend un compose contenant, par molecule, au moins un groupe Si-H et un enchaTnement divalent - 
(CR 1 R 2 ) n -, ou R 1 et R 2 sont selectionnes parmi H etde groupes hydrocarbures monovalents C^o substitues et 
non substitues et n est un entier de I'ordre de 2 a 30. 

6. Un article selon I'une quelconque des revendications prececlentes, dans lequel le caoutchouc de silicone com- 
prend 5 a 50 parties en poids de silice finement divlsee pour 100 parties en poids des composants combines 
d'organopolysiloxane et d'organohydrogenopolysiloxane (b) (i), (ii). 

7. Methods de fabrication d'un article integralement moule en resine de polypropylene/caoutchouc de silicone com- 
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prenant les Stapes de : 

(a) mouler la pr6forme d'un composant de polypropylene a partir d'une resine de polypropylene seleclionnee 
parmi 

(i) des copolymers statistiques de propylene avec un diene non conjugue de la formule 

R*-C - C-(CH 2 ) n -C = CH 2 
R R R 

ou les groupes R 1 et R 4 sont independamment s6lectionnes parmi H et alkyle C,^, et n est un entier de 
i'ordrede 1 a 20, et 

(ii) des copolymers greffes de polypropylene polymerises par greffe avec un diene non conjugue de la 
formule 

R X -C = C-(CH 2 ) n -C » CH 2 

I 2 I 3 \ q 

R R R 

ou les groupes R 1 et R 4 sont selectionn6s independamment parmi H et alkyle Ci. 6 , et m est un entier de 
I'ordrede 1 a 20; 

ou d'une composition de resine contenant une telle resine de polypropylene; 

(b) meltre en contact une composition adhesive d un caoutchouc de silicone durcissable par addition, compre- 
nant 

(i) un organopolysiloxane contenant un groupe alc£nyle; 

(ii) un organohydrogenopolysiloxane ayant par molecule au moins deux atomes d'hydrogene dlrectement 
attaches a I'atome de silicium. et 

(iii) un catalyseur de reaction par addition avec une surface de la pr6forme, el 

(c) durcir la composition du caoutchouc de silicone a une temperature plus basse que ie point d'amollissement 
du composant de polypropylene. 

8. Methode selon la revendication 7, dans laquelle le composant de polypropylene comprend ledit copolymere statis- 
tique de propylene avec un diene non conjugue, les residus du diene non conjugue constituant 0,01 a 20% en 
modes du copolymere stalistique. 

9. Methode selon la revendication 7, dans laquelle le composant de polypropylene comprend ledit copolymere greffe, 
les r6sidus du diene non conjugue constituant de 0,01 a 20% en modes du copolymere greffe. 

1 0. Methode selon I'une quelconque des revendications 7 a 9, dans laquelle la composition de caoutchouc de silicone 
comprend un compose (I) contenant, par molecule au moins un groupe Si-H, et au moins un groupe alcoxysilyle, 
glycidyle ou anhydride d'acide. 

11 . Methode selon la revendication 10, dans laquelle le compose (I) est s6lectionne parmi 
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CH 3 CH 3 
I I 
H-3i-0~Si-H 

4 A 

H-k-0_k-~CH 2 CH 2 Si (OCH 3 ) 3 
CH 3 CH 3 
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f 3 ? 3 A 

H-Si^-Si-CH 2 CH 2 CH 2 OCH 2 CH-CH 2 
0 0 

H_ii-O-Si-CH 2 CHC00 (CH 2 ) 3 Si (OCH 3 ) 
CH 3 4% 



CH 3 CH 3 - J> 
H-Si-0_Si_CH 2 CH 2 CH 2 OCH 2 CH-CH ; 



4 h 



H-Si-0-Si-(CH 2 ) 3 SifO-C= 



Ji-0-Si-(CH 2 ) 3 Sil 
CH 3 CH 3 V CH 3 '3 



=CH 2 ] 
H, h 



CH 3 CH 3 
H_Si-0-k-CH 2 CH 2 Si (OCH 3 ) 3 

(CH 3 0) 3 SiCH 2 CH 2 -Si-0-ii-CH 2 CH 2 Si (OCH 3 ) 3 

CH 3 CH 3 



CH 3 CH 3 
H_ii-0-ii-CH 2 CH 2 Si (OCH 3 ) 3 

' i A. 

H-Si-0-Si-CH 2 2 CH 2 OCH 2 CH-CH 2 
CH 3 CH 3 



CH 3 CH 3 
H-Si-0-^i-CH 3 

A 4 

H-Si-0-Si-(CH 2 ) 3OCONH (CH 2 ) 3 Si (OCH 3 ) 3 
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CH 3 CH 3 
H-Si-O-Si- ( CH 2 ) 3OCOCH3 

0 0 
H-Si-0-Si-CH 2 CH 2 Si (OCH 3 ) 3 

CH 3 iH, 



CH 3 CH 3 
I 3 I 
H~Si-0-Si-CH 3 

i i 

H_Si-O-Si-(CH 2 ) 3 0CO{CH 2 ) 3 C00(CH 2 ) 3 Si (OCH 3 ) 3 
CH 3 CH 3 



1 2. Methods selon Tune quelconque des revendicalions 7 a 9, dans laquelle la composition du caoutchouc de silicone 
comprend un compose (II) contenant par molecule au moins un groupe Si-H et un enchaTnement divalent - 
(CR 1 R 2 ) n -, ou R 1 et R 2 sont selectionnes parmi H et des groupes hydrocarbures monovalents C^q substitues et 



: parmi 

non substitues et n est un entier de I'ordre de 2 a 30, 



13. Methode selon la revendication 12, dans laquelle le compose (II) est selectionne parmi 



/ fH 3 \ 

HSiO 
I 

CH 3 / 



Si-(CH 2 ) n Si 



CH 3 \ 
I 

OSiH 
I 

CH 3 , 



CH 3 CH 3 CH 3 CH 3 

H-Si-0-Si-CH 3 H-Si-0-Si-CH 3 
I I T I 

00 00 n = 2 6 30 

H-ii-0-ii-(CH 2 ) n -Si-0-Si-CH 3 
CH 3 CH 3 iH 3 CH 3 
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/ CH 3 l 

H^iO Si-(CH 2 ) 2 C-0-(CH 2 ) 2 -0-C(CH 2 ) 2 Si 



( <=H 3 \ 

OSiH 
I 

CH 3 



CH 
CH 3 Si-40, 
CH 



/ H \ 

'e 



1 
CHs, 



CH 3 



CH-. 



/ H 

I: 



-OSi CH 2 n -Si-0; 
■ I I l 

CH 3 CH 3 \ CH3/ 



CH 



i--0 



CH 3 

ii (CH 2 ) n -4i- 

Lt 1 
CH 3 CH 3 



/ H \ CH 3 



-SiCH 3 
CH 3 



14. M61hode selon la revendication 12 ou la revendication 13, dans laquelle la quantity du compost (I) ou (II) dans la 
composition du caoutchouc de silicone est comprise entre 0,05 et 10 parties en poids pour 100 parties en poids de 
I'organopolysiloxane (b)(i). 

1 5. Methods selon Tune quelconque des revendications 7 a 14, dans laquelle, dans la composition du caoutchouc de 
silicone : 

I'organopolysiloxane (i) est en accord avec la formula de composition 

RaSiO(4-a)/2 

ou R sont des groupes hydrocarbures subsiituSs ou non subslitues, dont 0,1 a 1 mole % sont alcdnyle, et 1,9 
:» a s 2,4, et 

I'organohydrogenopolysiloxane (ii) est present en une quantit6 constituent 0,8 a 2 equivalents par equivalent 
du groupe alcenyle dans I'organopolysiloxane (i). 

16. Methode selon i'une quelconque des revendications 7 a 15, dans laquelle les Stapes de mouler la preforme et de 
mettre la composition de caoutchouc de silicone en contact avec elle sont faites par moulage par injection. 

17. M6thode selon I'une quelconque des revendications 7 a 16, dans laquelle le diene non conjugue" est le 1 ,9-deca- 
diene ou le I,13-t6trad6cadiene. 
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FIG.1 (A) 




FIG.1 (B) 
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FIG.2 
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FIG.4 




FIG.5 
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FIG.6 
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